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Summary

Seismic data have a variable characteristic. Overlooking this important characteristic will reduce
the effectiveness of any signa processing tool. Wavelet transform is a useful tool in seismic data
processing and in recent years it has been the subject of attention of geophysicists. In this study we
investigate the role of the resolution of the wavelet transform and the Q-factor (Q-factor in band-
pass filters is the ratio of central frequency to the bandwidth) of the mother-wavelet on the filter
performance with the goal of reducing the random noise and examining the effects of the mother
wavelet Q-factor and its oscillatory behavior on the filter performance. We use Rational-Dilation
Waveet Transform (RADWT) and Dual-tree RADWT. These methods have the capability to
achieve variable frequency resolution that can also provide a variety of Q-factors. To evaluate the
effect of Q-factor of mother wavelet on filter function, the DT-RADWT with different Q-factorsis
applied on a Ricker Wavelet and synthetic shot gathers and the results are discussed in the
manuscript. In the following, we investigate the relationship between seismic signa Q-factor and
suitable Q-factor for seismic data processing. The method is applied to high-frequency shallow
Sub-Bottom Profiler data and land data. In this study, a new wavelet transform caled Rational
Dilation Wavelet Transform (RADWT) and its Dua Tree analytical version DT-RADWT is used
to attenuate random noise in seismic data. These transforms can achieve a limited range of Q-
factor by selecting appropriate parameters p, g and s. The advantage of this transform over the
common discrete wavelet transforms is that its rational sampling which provides higher time-
frequency resolution. We aso investigate the effect of Q-factor of mother wavelet on the
performance of wavelet transform filters, and the relation between seismic signal Q-factor and
Wavelet transform filter Q-factor.

Increasing the Q-factor can reduce the bandwidth of wavelet in each scale. We test the effect of
random noise on Q-factor of Ricker wavelet, with different noise levels. The results showed that
by changing the level of random noise, the range of Q-factor remains constant. Next, we added the
constant noise to Ricker wavelet, and we analyzed the noise-infected wavelet by RADWT and DT-
RADWT with different Q-factors, here the soft threshold was used. The result of denoising is
presented in Table 2. In last part of manuscript high Q-factor Dua Tree Rationa wavelet
transform was used to attenuate random noise from synthetic shot gather and marine and land
seismic data (figures 9 & 11& 14& 15). Suitable parameters for random noise attenuation, p, g,
and s was selected respectively 7, 8, 1 that made WT Q-factor 7.48. This research investigated the
role of Q-factor value in suppressing random noise from reflection seismic data. Many Q-factors
were tested to evaluate the effect of wavelet transform Q-factor on random noise denoising, and it
was observed that with an increase in the Q-factor of the wavelet transform, the signal-to-ratio of
filtered trace was improved. The data Q-factor was also calculated, but there was no significant
correlation between the appropriate Q-factor of WT for noise reduction and the signal Q-factor.
DT-RADWT was better than RADWT in distinguish was the random noise from the signal, due to
the use of two paralld filter banks. DT-RADWT with high Q-factor was applied to synthetic data
with avariable level of random noise and results are summarized in tabled. In addition, the method
was also applied to real shallow marine data from sub-bottom profiler with a wide frequency
content. Results confirm the effectiveness of WT filter which is increased with the increase of
wavelet transform Q-factor.

Keywords: Random Noise, Discrete Wavelet Transform, Time-Frequency Domain, Wavelet
Q-factor, Offshore Data, Rational Dilation, Dual-Tree Wavelet Transform.
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